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1 Introduction
At several RAN1 meetings for Rel-15, regarding timing advance for NR, some agreements were reached as follows [1]:
· Study whether or not support non-coherent transmission scheme in uplink MIMO transmission to improve the reliability and capacity

· Study multiple timing advance for one component carrier (example scenario: multiple antenna ports / beams at UE pointing to different directions)

· Antenna port / beam indication in timing advance commands

· Multiple timing advance commands for one component carrier
· […]
In addition, during RAN1 #88bis meetings, regarding CA/DC, some agreements [2] were reached as follows:
· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups
· […]
In this contribution, we further discuss the details designs for timing advance (TA) based on the above agreements in NR including all possible requirements and implementation scenarios.
2 New requirements in NR
The following features should be considered for timing advance design in NR.

· Single beam and multi-beam UL transmission for single TRP
· With or without Tx-Rx beam correspondence for single TRP
· Single and multiple TRP reception
3 Timing advance design in NR

3.1 TA for multi-beam transmission
In NR, beamforming is usually required at both transmit and receive side, especially for high frequency scenarios, e.g. 28 GHz. As the antenna size can be significantly reduced in high frequency domain, UE is able to support multiple beam pair links (BPL) at the same (e.g. multi-panel case) or different time (e.g. beam switching), where these multiple BPSs belong to different beam groups. For example, in the multi-panel based UL transmission, beams from multiple antenna panels can communicate with different TRPs in the same CC as shown in Figure 1(a). Then different propagation path can be observed from different links. Thus different uplink beam pairs may experience different propagation delay.  Another case for multi-beam transmission is uplink dynamic point selection (DPS), meaning the BPL can change dynamically at different transmission intervals for quick blockage recovery. Figure 1(b) shows an example where the recovered BPL belongs to another TRP. The TA values for these two BPLs are quite different. Therefore, the beam specific TA control for different BPL is in high demand. With respect to beam specific configurations, TA command needs be designed to distinguish the beam information.
Proposal 1: With regard to possible different propagation delay in different beam group, the UE beam group specific TA adjustment should be supported.
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(a)                                                                           (b)
Figure 1 TA for multi-beam transmission

3.2 TA for different Tx-Rx beam correspondences 
For the UE with Tx-Rx beam correspondence, the UE TX/TRP RX beam pair can be obtained through the TRP TX/UE RX beam management. The BPL for DL and UL usually experience similar propagation path. Thus the TA adjustment quantity can be obtained through the UL signal such as SRS or DMRS with the assumption that tDL is equal to tUL. On the other hand for UE with partial or without beam correspondence, UE/TRP has to perform independent UL beam management. Although the channel by nature is reciprocal in particular in a TDD system, the acquired TRP TX/UE RX beam pair may propagate through different channel paths from the acquired UE TX/TRP RX beam pair due to independent DL/UL beam management procedures.  In this case, the TRP estimates the uplink timing advance as tTA which can be quantized from the RTT tDL+tUL=2tDL+ΔtΔt , where  indicates the time difference between the first and second channel clusters that the DL and UL beam pair propagate through. Hence the range of TA could be impacted by the time difference caused by different beams in DL and UL. Therefore when determining the range of TA, the additional TA caused by independent DL/UL beam sweep should be taken into account.

Proposal 2: RAN1 needs to send a LS to RAN4 to ask about the effects of propagation time difference between DL and UL for different level of Tx-Rx beam correspondences on the range of TA. 
For multi-beam management, each UL-DL BPL has independent timing advance and TA timers configured by the gNB which is maintained by its corresponding TA procedure. Upon a need for a UE to transmit in an UL BPL the UE determines whether the UE has a valid timing advance for the UL BPL, and if so the UE transmits using the corresponding timing advance. In case of no valid timing advance, the UE need to perform a random access for instance on resources associated to the UL BPL.

The method above can be seen as a generalization and extension of the TA configuration used in LTE. Also configuring TA groups, as made in UL carrier aggregation in LTE can be made in a similar manner in the multiple beam scenario in order to reduce the signaling overhead.
Proposal 3: Support network controlled TA procedure as in LTE for multi-beam management. 
However, in some cases, the UE can adjust TA value with the estimation of DL signal timing. 

1) Case1: DL signal timing changes, before the UE receive new TA command. TA command is carried in MAC CE, thus there is time period between two TA commands arrive at the UE. In this case, the TA change is not compensated, due to the lack of TAC. 

2) Case2: The UE received a new TAC, but the TA value derived from TAC mismatches DL signal timing change. Thus, from the UE perspective, the DL timing change is only partly compensated by TA. One reason is that, the DL timing changes quickly, so that late TAC can only capture part of DL timing change. However, the other reason is that, beam correspondence does not hold in the case, then there’s difference between UL and DL propagation delay change.

In both cases, the UE could estimate DL timing change, and compensate the offset value TA, then accordingly update NTA value. In both cases, the UE should capture proper DL signal for TA adjustment. Especially in case 2, when beam correspondence does not hold, the UE is not allowed to directly compensate DL timing by TA based on estimation of DL signal timing. To conclude, the specification should restrict the UE’s TA adjustment behavior. For example, the UE could adjust and update NTA if beam correspondence holds, e.g. implicitly derived from QCL configuration.
Proposal 4: If the DL timing changes and is not compensated or is only partly compensated by the TA, the UE is restricted to adjust NTA to cases where proper timing estimate can be made on the DL signal. 
3.3 TA for multiple TRP reception
For single TRP transmission and reception scenario, the TA can be determined through the UL reference signal directly as discussed in above section. However, for the scenario of joint reception or dynamic point selected reception for UL, the TA determination is quite different, especially for the HetNet scenario.
In a HetNet scenario, the timing of the UL reception may be different between macro and small cell. This is due to the difference in the DL power level which could result the UE being closer to the small cell than the macro cell. TA measurement performance using uplink DMRS or SRS will be affected by time-biased, and results poor measurement robustness. 
One alternative TA determination method is through the UE assistance. The user can measure the time difference among the configured cooperative TRPs and reports the measurement results to the TPRs. Then the network can determine the timing advance adjustment quantity after making the decision of which TRP(s) is involved in the reception. For example, if the UL timing needs to align with small cell, then the UL transmission should be delayed compared with the Macro TRP reception. 
Proposal 5: For multiple TRP reception, support UE assisted TA determination and FFS

· the reference signal used for DL timing difference measurement
· detailed feedback mechanism of DL timing difference
4 Conclusion
In this contribution, some considerations on timing advance design in NR were presented. We have the following observations and proposals:
Proposal 1: With regard to possible different propagation delay in different beam groups, the UE beam group specific TA adjustment should be supported.
Proposal 2: RAN1 needs to send a LS to RAN4 to ask about the effects of propagation time difference between DL and UL for different level of Tx-Rx beam correspondences on the range of TA.
Proposal 3: Support network controlled TA procedure as in LTE for multi-beam management. 
Proposal 4: If the DL timing changes and is not compensated or is only partly compensated by the TA, the UE is restricted to adjust NTA to cases where proper timing estimate can be made on the DL signal. 
Proposal 5: For multiple TRP reception, support UE assisted TA determination and FFS

· the reference signal used for DL timing difference measurement

· detailed feedback mechanism of DL timing difference
References
[1] 3GPP RAN1 AdHoc, Chairman’s note, Spokane, 2017
[2] 3GPP RAN1 #88bis, Chairman’s note, Spokane, 2017
